Because the toxicity of suicide gene therapeutics is directly related to basal promoter activity, we developed an assay to test for promoter ''leakiness'' using a diphtheria toxin mutant. Sequences of 15 prostate -specific gene promoter constructs were cloned in an expression plasmid ( pBK; Stratagene, La Jolla, CA ) backbone driving expression of an attenuated mutant of diphtheria toxin A ( tox176 ). Low expression levels of the DT -tox176 result in significant protein synthesis inhibition reflected by a decreased expression of the luciferase activity of a simultaneously transfected CMV luciferase construct. ID 50 ( dose of plasmid with 50% luciferase inhibition ) was calculated for each promoter construct in different cell lines. Highest transactivational activity ( ID 50 < 75 ng ) was found for the CMV promoter in all cell lines, which is in agreement with the dual luciferase assay findings. Unlike the dual luciferase findings, however, the DT -tox176 assay showed protein inhibition of CN65 ( PSA promoter / enhancer ) and PSE -hK2 ( PSA enhancer and basal human kallikrein 2 promoter ) in HEK293 and DLD cells indicating ''leakiness'' of these promoter constructs. Low basal promoter activity in nonprostate cell lines was found for the minimal PSA promoter, hK2, DD3, and OC promoters. The DT -tox176 assay can better predict basal promoter activity compared to less sensitive dual luciferase assay. Cancer Gene Therapy ( 2001 ) 8, 927 -935 
P
rostate cancer is the most common malignancy in American men. Therapeutic modalities for advanced hormone refractory disease are limited to chemotherapeutic regimens with considerable toxicity. Considering the low proliferation index in these cancers, many cytotoxic agents are ineffective. 1 As a result, gene therapeutic modalities have recently been developed. Initially, intraprostatic local injection of a herpes simplex thymidine kinase gene was used to convert the prodrug ganciclovir into a phosphorylated nucleoside poison with limited success. 2, 3 Subsequent efforts have been made to design adenoviral vectors, which replicate selectively in prostate cells and hence lyse the tumor via its normal lytic cycle (i.e., oncolytic viruses ). 4, 5 Though these early attempts at utilizing tissue -specific gene expression have been encouraging, optimization of subsequent generation vectors will be greatly facilitated by improving the fidelity of the tissue -specific transgene expression.
Promoter activity is commonly assessed by measuring the expression of a reporter gene (e.g., chloramphenicol acetyltransferase, -galactosidase, firefly luciferase, alkaline phosphatase, and -glucoronidase ). Most recently, the use of a ''dual'' luciferase assay has allowed internal control of the variability of transfection efficiencies from day to day and from cell line to cell line. 6 Although useful to study the high end of the transgene expression spectrum, low expression levels may be missed due to the detection method used. Because low expression levels of a potent suicide gene may still result in unwanted side effects in a gene therapeutic setting, we evaluated the application of an extremely toxic agent ( diphtheria toxin) for determining the basal promoter activity of prostate -specific gene promoters. These promoters were derived from the prostate -specific antigen ( PSA ) gene, 7 the prostate -specific membrane antigen ( PSMA ) gene, 8 the human glandular kallikrein gene ( hK2 ), 9 the rat probasin gene ( PBN ), 10 the mouse osteocalcin gene ( OC ), 3 and the human DD3 gene. 11 In addition, chimeric promoter constructs were made by fusing the prostate -specific antigen enhancer ( PSE ) to each of the different promoter constructs.
Diphtheria toxin is secreted from the Corynebacterium diphtheriae as a single polypeptide. Through partial proteolysis, two disulfide -linked fragments are formed: fragments A and B. DT binds to specific cell surface receptors through domains in the B fragment and is subsequently internalized by endocytosis. 12 Translocation of the catalytic A fragment in the cytosol finally results in protein synthesis inhibition by ADP ribosylation of elongation factor 2. 13 Although some cells may not express the cell surface receptor, all mammalian cells are sensitive to DT when present in the cytosol. The extreme cytotoxicity of the wild type DT, as little as one molecule, is lethal to the cell, 14 making this toxin less applicable for gene therapeutic purposes 15 because many promoters driving gene expression will have some basal activity, i.e., ''leakiness'' of promoter activity in presumably nontarget cells. Attenuation of the A fragment of the DT protein showed decreased toxicity compared to the wild type DT. 16 The DT-tox176 mutant contains a Gly -to -Asp mutation at codon 638, resulting in an attenuation of 15 -30 times less toxicity than DT wt . Thus, this mutant is less likely to result in unwanted site effects through ''leakiness'' of the tissue -specific promoter, i.e., expression of the gene product in transfected cells normally not known to activate the promoter. 17 In the present study, basal promoter activity was assessed using DT-tox176 in an analysis of protein synthesis inhibition. Basal promoter activity was higher than estimated compared to a dual luciferase assay for a variety of constructs. This method allows the rapid discrimination of basal promoter activity in a variety of cells lines. The method is particularly well suited to detecting low -level transgene expression and ideally used as a precursor to suicide gene therapeutics, where the inherent toxicity of the approach depends on the basal gene expression in target and nontarget cells. It may also be useful in the generation of transgenic tissue -specific expression studies, by allowing better identification of tightly regulated promoters. Finally, conditionally replication -competent adenoviral constructs rely on the fidelity of the promoter used to drive E1a expression and the use of our basal expression method may allow better discrimination of potentially useful promoter constructs prior to the tedious and expensive process of generating a recombinant viral vector.
MATERIALS AND METHODS

Cell culture
Cell lines were cultured in T75 flasks containing 10 mL of the appropriate medium and 10% fetal bovine serum at 378C and 5% CO 2 . Six prostate cancer cell lines (LNCaP, LA -PC4, CWR22R, DU145, TSU -pr1, and PC3 ), one colon cancer ( DLD ), and the human embryonal kidney line 293 ( HEK293 ) were plated in 96-well plates at a density of 10 4 cells/well. Cells were grown for 2 days in antibiotic -free 10% fetal bovine serum medium. At day 3, transfections were performed.
Reporter constructs
Reporter constructs were all cloned in the pBK -CMV backbone (Stratagene ), with promoter substitutions for the CMV promoter as described below. pBK -CN33 (basal PSA promoter ) was constructed by using the CN33 promoter plasmid obtained as a generous gift from D. R. Henderson ( Calydon, Menlo Park, CA ). The PSA promoter ( À 541 to + 12) was amplified from CN33 using the following primers: 5 0 GGGCCACTAGTCGATATC AAG-CTTGGGGC 3 0 and 5 0 GGCCATATGGAATTCCTGCAG-CCCGG 3 0 , which contained SpeI and NdeI restriction sites. pBK -CMV was digested with VspI and NheI to remove the CMV promoter. Following digestion of the CN33 polymerase chain reaction ( PCR ) product with SpeI and NheI, it was cloned into the pBK vector. The pBK -CN65 (PSA enhancer and promoter fusion ) was made using the following primers, 5
0 GGGCCACT AGTCGATATCAA-GCTTGGGGC 3 0 and 5 0 1GGGCAGATCTAAAGCTGG-GT ACCTCTAGAAAATCT 3 0 to amplify the PSE -PSA complex from CN65 (PSE -PSA construct ) (generous gift from D. R. Henderson; Calydon ). Restriction sites BglII and SpeI were incorporated for cloning purposes. A separate PCR using primers, 5
0 GGGCAGAT CTTATG-TAACGCGGAACTC 3 0 and 5 0 TCCGCCCCATTGAC-GCA 3 0 , was performed to obtain the pBK backbone with BglII and NheI 5 0 to 3 0 ends. Following cleavage with the aforementioned enzymes, ligation of the products was performed. The pBK -PBN construct was made in a similar fashion to pBK -PSE -PSA. The same vector product from pBK -CMV was used. The probasin promoter was amplified from MatLyLu genomic DNA using the following primers, 5
0 GCATAGATCTCCACA AGTGCATTTAG-CCTC 3 0 and 5 0 GCATGCTAGCGATCGTGTGTG AG-CTCTGTAGGT 3 0 , which contained BglII and NheI restriction sites. The PCR product from above was then cut with these restriction enzymes and the cleavage products were ligated. pBK -hK2 was made in a fashion similar to pBK -PBN with the pBK -CMV vector product. The hK2 promoter was cloned by PCR of LNCaP genomic DNA using the following primers: 5 0 GCATAGA-TCTGTGCT CACGCCTGTAATCTC 3 0 and 5 0 GCATGC-TAGCT GCTGACACAGGTGTCCA 3 0 . The pBK -PSMA construct was made using genomic DNA and the following primers, 5 0 GAAGCAGATCTAATTCCCT TCCTTCCT-TGCCCT 3 0 and 5 0 GAGTTGCTAGCAATGCCTCGCTT-ATCAGCCCTG 3 0 . Incorporated within were BglII and NheI restriction sites. Subsequently, the PBN promoter of pBK -PBN was excised and the products of the aforementioned PCR inserted in its place. The luciferase reporter plasmids were created by excising the firefly luciferase reporter gene from pSP -Luc + (Promega, Madison, WI ) using a HindIII and XbaI digest. This was then inserted in pBK -CMV into the same sites. Subsequently, pBK -PSA, pBK -PSE -PSA, pBK -PBN, and pBK -hK2 constructs were made by excising Luc reporter from pBK -CMV -Luc using an SpeI and NotI digest and inserting the restriction fragment into the respective plasmid with the same enzymes. Insertion of the prostatic-specific enhancer ( PSE ) into plasmids was done by isolating the 1592 -bp fragment from CN65 using a BglII and BamHI digest and inserting it into a BglII site of pBK -PBN, pBK -PSMA, and pBK -hK2 to make constructs incorporating the PSE. DD3 was a the generous gift of J. Shalken ( Uro -oncology Research Group, Neimegen, the Netherlands ). pBK -PSE -DD3 -Luc was made by excising PSA from pBK -PSE -PSA -Luc with a BamHI digest and inserting the DD3 sequence into the same excision sites. the pBK -DD3 -Luc construct was similarly made by excising PSE -PSA from pBK -PSE -PSA -Luc and inserting DD3 into this site. Diphteria toxin A chain reporter gene was generated from , incorporating a BamHI site at the 5 0 end of the gene and a NotI site at the 3 0 end of the gene, which were used for directional cloning into the corresponding BamHI and NotI sites of the pBK backbone. DT-tox176 was made by sitedirected mutagenesis utilizing a commercial kit (Stratagene ) by converting a G!A transition at codon 638, resulting in a Gly-to -Asp point mutation. The DD3 promoter was a generous gift from Dr. Verhaegh. 25 The fragment no. 1.12 ( À 152 to +62 bp) from their publication was used. The AP -1 DD3 clone was obtained by DNA synthesis of two AP -1 response elements (actGACTcagtacatGACTcagt ). To this sequence, XhoI and HincII sites were added to allow cloning it into the DD3(1.12 ) basal promoter fragment. The murine osteocalcin promoter (OC ) was a generous gift from Dr. T. Gardner. To obtain all basal promoters in combination with one copy of the prostatespecific enhancer (PSE ), a 1592 -bp fragment from CN65 was digested using BglII and BamHI ( Fig 1b ) . Subsequently, this fragment was cloned into BglII site of the PBN, PSMA, hK2, OC, and DD3 plasmids. All promoter fragments were similarly cloned in the pBK -luc backbone to obtain the reporter plasmid for the dual luciferase assay. For co-reporter, we used the pBK -CMV -luc plasmid (Fig  1c ) . The corresponding positions of all of the promoter sequences are shown relative to the transcriptional start site. All PCR -based clones were sequenced and confirmed by comparison to the known GenBank entries before proceeding with subsequent experimentation. Constructs generated by restriction endonuclease digestion were confirmed by at least three different restriction digests to confirm the predicted pattern. Figure 1 . Constructs for the DT -tox176 assay for promoter activity all in a pBK backbone. a: Reporter constructs for CMV ( positive control ), DD3, hK2, hK2 enhancer / promoter ( CP390 ), osteocalcin ( OC ), probasin ( PBN ), PSA, and PSMA. b: All promoters, except for CP390, were also combined with the prostate -specific enhancer from the PSA gene ( PSE ). c: Mechanism of action of the DT -tox176 assay: increased expression of DT -tox176 protein will inhibit luciferase mRNA translation at the level of eukaryotic elongation factor 2 ( eEF2 ). 
DT -tox176 transfections
Reporter transfections were performed at 0, 100, 200, and 400 ng tox176 plasmid on 10 4 cells per well. To correct for differences in overall plasmid concentration, empty pBK backbone plasmid was added to obtain a final plasmid concentration of 400 ng for each concentration. The pBK -CMV -luc plasmid (Photinus pyralis luciferase) was added at a concentration of 100 ng /well at the same time as transfection with the DT-tox176 plasmid. Several promoters contained androgen response elements ( ARE ) ( PSE enhancer, PSA basal promoter, CP390, and PBN ). An absent or dysfunctional androgen receptor is found in PC3, TSU, and DU145 cells. To test for androgen responsiveness of the promoters in different cell lines, R1881 (methyltrienolone; NEN, Boston, MA ) at final concentration of 5 nM was added 4 hours after transfection. After 48 hours, the medium was removed and cells were lysed with 30 L of passive lysis buffer in 30 minutes at room temperature. Subsequently, plates were read for luciferase activity in an illuminometer ( 1450 microbeta; Perkin Elmer Wallac, Gaithersburg, MD ) using a buffer luciferin containing buffer ( BufferLuc =25 mM glycylglycin, 15 mM KPO 4 , 4 mM EGTA, 2 mM ATP, 1 mM DTT, 15 mM MgSO 4 , 0.06 mM CoA, 75 M luciferin ). One hundred microliters of this buffer containing the lysed cells was dispensed per well; the delay time was set at 3 seconds and counting time at 8 seconds. To determine the influence of interval variation on the transfection of the CMV -luc reporter and tox176 -containing plasmid, addition of 100 ng of pBK -CMV -luc co -reporter was done at different time points relative to the tox176 plasmid transfection (Fig 2 ) . These data showed that transfection of the co -reporter longer than 1 hour after reporter plasmid transfection greatly reduces discriminative power of the assay. Hence, simultaneous transfection ( time point 0 hour ) for reporter and co -reporter plasmid was applied.
For each dose -response curve, the inhibitory dose of 50% (ID 50 ) was calculated by assuming linear correlation between the relative protein inhibition (RPI ) and the logarithmic value of the plasmid dose. RPI was calculated by dividing the luciferase expression at a certain dose by the luciferase expression at dose level 0 ng. ID 50 values over 1Â10 100 ng (logID 50 = 100) could not reliably be predicted and were scored as log( ID 50 ) >( larger than )100. Basal expression or ''leakiness'' of the promoter was defined as the presence of protein inhibition in the DTtox176 assay in the absence of detectable promoter activity in the dual luciferase assay.
Dual luciferase assay
The dual luciferase assays were performed essentially as previously published. 6 Briefly, the firefly luciferase buffer ( BufferLuc ) consisted of 25 mM glycylglycine, 15 mM K x PO 4 (pH 7.8), 4 mM EGTA, 2 mM ATP, 1 mM DTT, 0.1 mM CoA, 75 M Luciferin with the final pH adjusted 
RESULTS
Protein inhibition
The pBK -CMV -DT-tox176 plasmids showed a dosedependent inhibition of protein synthesis as assessed by double transfection with a pBK -CMV -luc plasmid in all cell lines (Fig 3a) . Cell lines used in our analysis included the hormone -responsive prostate lines LnCaP, LA -PC4, CWR22R; the hormone-insensitive prostate lines DU145, TSU -PR1, and PC3; and the nonprostate cell lines DLD ( human colon ) and HEK293 ( human embryonic kidney ). The hormone-sensitive lines have been found to have functional androgen receptors that can be stimulated by the synthetic androgen R1881. Strongest inhibition of protein synthesis was found for HEK293, LaPC4, LNCaP, and PC3 cells with more than 75% inhibition at 100 ng of DT-tox176 plasmid. RPI in TSU, DLD, and DU145 cells was markedly lower, ranging from 65% in DU145 to 36% in the TSU cell line corresponding with the calculated ID 50 values (Fig 3b ) . These findings confirm earlier data on the variable sensitivity and cell kill mechanism of different cell lines to DT-A. In particular, TSU has been found to undergo DT-mediated cell death by necrosis, while most other cells die by apoptosis. This difference appears to be related to the p53 axis. 18 The expression levels of the dual luciferase assay were compared to the log values of the ID 50 (Fig 4) . If CMV promoter activity would differ between cell lines, this would theoretically, in case of the CMV -tox176 construct, affect both reporter and co -reporter to the same extent. A clear negative correlation existed between the log( ID 50 ) and the expression levels of the CMV promoter in the dual luciferase assay for the different cell lines (r = À 0.701, P= .024, Pearson correlation ). This indicated that although sensitivity to DT-A among cell lines differed, CMV promoter activity highly correlated with protein inhibition as assessed in the DT-tox176 assay.
Log( ID 50 ) values ranged from 1.26 ( 18 ng ) for CMVtox176 in LaPC4 to > 100 in 8 of 15 plasmids in CWR22R, 6 in DLD, 5 in PC3, 4 in HEK293, 3 in DU145, 3 in LNCaP, 3 in TSU, and 0 in LaPC4 without androgen supplementation. After androgen supplementation, these values were 1.26 (18 ng ) for CMV -tox176 in LaPC4 and > 100 in 7 of 15 plasmids in CWR22R, 4 in DLD, 3 in DU145, 6 in HEK293, 3 in LNCaP, 1 in LaPC4, 2 in PC3, and 2 in TSU. For the CN65 promoter (prostate -specific antigen gene enhancer fused to the core prostate -specific antigen promoter ), the dose -response curves are shown in Figure 5 . Strongest protein inhibition (log( ID 50 ) =3.25 ) was seen in LNCaP cells, whereas no inhibition was detectable in CWR22R and PC3 cells. When compared to the dual luciferase analysis, for PC3, TSU, CWR22R, and 
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LNCaP (androgen -supplemented ), a correlation between dual luciferase expression and log( ID 50 ) was found for CN65 (Fig 6 ) . However, no such correlation of CN65 promoter activity was found for HEK293, DU145, and LNCaP ( androgen-deprived ), suggesting basal promoter ( ''leakiness'') activity of the CN65 promoter in these cell lines that could not be detected by the dual luciferase assay but was clear in the DT-tox176 assay. Several promoter constructs showed activity in the DTtox176 assay where no expression was found in the dual luciferase assay. In 66 cell line /promoter combinations, the dual luciferase assay did not detect any promoter activity. In 30 of these combinations (45% ), the log( ID 50 ) was lower than 5 ng, indicating significant basal expression. Table 1 shows the dual luciferase and log( ID 50 ) values for each cell type / promoter combination. To determine relative ''leakiness'' of each promoter in a specific cell line, the log( ID 50 ) was multiplied by the relative expression determined in the dual luciferase assay. Lower values of this multiplier correspond with an increased promoter ''leakiness'' or, in other words, underestimation of promoter activity in the dual luciferase assay ( Table 2) .
Promoters with high basal expression levels are the PSEhK2 ( 4 /8) and the PSMA (3 /8 ) promoter. Cell lines with high ''leakiness'' of several promoters are DU145 ( 3 of 15 promoters ) and PC3 (3 of 15 promoters ), both of which are androgen -independent prostate cancer cell lines. Minimal ''leakiness'' in most cell lines was found for the CN33 (basal prostate -specific antigen promoter ), hK2 ( human glandular kallikrein 2 promoter ), and the OC (osteocalcin ) promoter. Interestingly, basal expression levels for the PSE -DD3 promoter construct were high in five of six prostate cancer lines, whereas no activity was detected in nonprostatederived cell lines ( DLD and HEK293 ), suggesting that this promoter, although relatively weak in the dual luciferase assay, has a highly prostate -specific transactivation pattern.
DISCUSSION
The novel DT-tox176 assay of basal promoter activity enhances the detection of promoter specificity compared to the conventional dual luciferase assay. Promoter activity is defined as the number of mRNA copies transcribed in a fixed time period. Although mRNA quantification through Rnase protection or S1 mapping is feasible and can provide information on the activity of cis -acting genetic elements, 19, 20 reporter gene assays are in general more sensitive and are most widely applied for screening of promoter activity. Gene products such as luciferase, chloramphenicol acetyltransferase ( CAT ), -galactosidase ( -gal ), -glucuronidase ( -glu ), alkaline phosphatase (AP ), growth hormone (GH ), and green -fluorescent protein (GFP ) are generally used in chemiluminescence, bioluminescence, or ELISA assay. Depending on the detection method used, detection limits vary from 10 3 molecules for the luciferase assay to over 10 8 for the CAT and GH assays. 21 In the case of gene therapy with replicating viruses or highly toxic suicide genes such as diphtheria toxin, lowlevel gene expression will result in toxicity to nontarget cells. 14, 17 Toxicity will increase when, due to the basal promoter activity, effector genes are expressed to cytotoxic levels in nontarget cells. This becomes exceedingly important when highly toxic effector genes are applied, such as diphtheria toxin, or in conditionally replicating adenoviruses. Even the low levels of promoter activity (basal activity ) can result in unacceptable toxicity. We used the high toxicity of the diphtheria toxin to evaluate the basal activity of several prostate -specific gene promoters in a panel of human prostate -and nonprostate -derived cell lines.
Earlier data 22 ( including unpublished observations of our own ) showed low levels of luciferase activity for the majority of prostate -specific gene promoters in at least one prostate cancer cell line. None of the prostate -specific promoters is active in all tested prostate cancer lines, limiting their universal application in promoter-driven therapy for all prostate cancers. Since some prostate cancer cell lines are androgen -dependent ( e.g., LNCaP and LAPC -4), while others are androgen-independent (e.g., TSU and DU145 ), the difference in expression patterns is likely related to the presence or absence of a functional androgen receptor. Similarly, low luciferase levels were found in nonprostate lines. Considering the detection limit of the luciferase assay, it may very well be that low levels of enzyme remain undetected. Inasmuch as we are actively involved in the development of both conditionally replication-competent adenoviruses as well as suicide gene -based adenoviral vectors, we developed an assay based on the DT-tox176 to better assess basal promoter activity. The inhibitory effects of DT-tox176 expression on translation resulted in a reduced expression of luciferase from the co-transfected plasmid even in cases where the dual luciferase assay did not show any transactivation. Several promoters showed such tendency to ''leakiness'' in multiple cell lines. In particular, PSE -OC, PSE -hK2, and PSMA under androgen-deprived conditions showed considerable basal promoter activity in at least four cell lines. Earlier studies showed increased PSMA levels in androgendeprived prostate cancer. 23 Low ID 50 values for the PSMA promoter under androgen -deprived conditions compared to 5 nM R1881 were found only in the DU145 cell line, whereas for all other cell lines, ID 50 values were comparable for both conditions. For the dual luciferase assay, no difference in PSMA promoter activity was found with or without R1881, consistent with earlier findings. 8 These findings suggest that PSMA promoter-driven gene therapy may not be particularly specific for hormone-resistant prostate cancer as previously indicated by others. 24 High basal promoter activity, as assessed by the DT-tox176 assay, may hamper modalities using highly toxic suicide genes. Interestingly, addition of the PSE (PSA enhancer ) to the PSMA basal promoter reduced basal expression in both nonprostate cell lines, while not so in the prostate cell lines, hence increasing specificity. 22 The hK2 promoter showed limited to no activity under hormone-deprived conditions. Addition of the PSE fragment increased the transactivation in six of eight cell lines from both prostate and nonprostate tissue. Thus, compared to the PSMA basal promoter, no gain in specificity was obtained by adding PSE. Addition of the hK2 enhancer to its basal promoter (CP390 ) increased expression in seven of eight cell lines again without gain of specificity. Similarly, addition of the PSE to the basal promoters of PBN and OC did not enhance specificity.
Based on basal expression levels, the PSE -DD3 promoter construct showed highest specificity for prostate cancer cells. DD3 is a recently discovered prostate cancer -specific gene. 11 Its promoter has been analyzed and highest activity found for a 216 -bp promoter fragment. 25 Although active in some cell lines, both the activity and specificity of the DD3 minimal promoter were greatly enhanced by addition of the PSE.
No promoter showed sole expression in prostate cancer cells. Promoters with frequent high basal expression levels are the PSE -hK2, PSE -OC, and the PSMA promoter. Cell lines with high basal promoter activation are DU145 and PC3. The PSE -DD3 basal promoter showed lowest basal promoter activity in nonprostate lines.
The novel DT-tox176 assay clearly shows that many promoters express low levels of transcription in cells where the native protein (e.g., PSA ) is typically not detected. This ''promiscuous'' low -level gene expression becomes exceedingly important when more toxic gene therapy strategies are applied. The fact that most promoters are ''leaky'' in nontarget cells is not surprising; however, precise evaluation of the actual basal gene expression patterns has not been readily possible. This assay will be able to identify those promoters with minimal basal activity for highly specific promoter -targeted gene therapy and may also prove useful as a screening method prior to the development of tissue -specific transgene expression in transgenic animal studies.
